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FIG. 2C 
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CHANNEL ESTIMATION APPARATUS AND 
METHOD IN DIGITAL COMMUNICATION 

SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a digital commu 
nication system, and more particularly to a channel estima 
tion apparatus, Which estimates multi-path for a received 
signal by means of a synchronizing signal, that is, a signal 
reserved in a digital transmission/reception communication 
system and method thereof. The present application is based 
on Korean Patent Application No. 2003-10157, Which is 
incorporated herein by reference. 

[0003] 2. Description of the Prior Art 

[0004] As generally knoWn in the art, in the communica 
tion betWeen a transmitter and a receiver, a digital commu 
nication system typically inserts a synchroniZing signal 
reserved in advance into user data to be transmitted for 
synchroniZation and equalization purposes. Generally, a PN 
(pseudo-noise) sequence has been used as the reserved 
synchroniZing signal. Hereinafter, the PN sequence is 
described as an eXample of the reserved synchroniZing 
signal. 

[0005] FIG. 1 is a schematic block diagram regarding a 
typical channel estimation apparatus. 

[0006] The channel estimation apparatus includes a cor 
relation unit 111 and an estimating unit 113. The correlation 
unit 111 calculates a correlation value for correlation 
betWeen a PN sequence received via a channel and a 
reference PN sequence. The estimating unit 113 searches a 
correlation value above a predetermined threshold value, 
and estimates the correlation value and location as the siZe 
and location of multi-path. 

[0007] In this case, the predetermined threshold value 
should be larger than maXimum correlation noise. The 
correlation noise is noise Which has a small value due to the 
correlation even in a state Where there is no in?uence by 
noise and adjacent data, as shoWn in FIGS. 2A to 2C. The 
correlation noise has different values according to the length 
of the PN sequence, as shoWn in Table 1. 

TABLE 1 

length of PN sequence 63 255 511 
Maximum correlation O.1109(—19.1) 0.0708(—23.0) 0.0412(—27.7) 
noise 

Linear scale(dB scale) 

[0008] Since the maXimum correlation noise according to 
the length of the PN sequence is as shoWn in Table 1, the 
predetermined threshold value should be larger than the 
values shoWn in Table 1. Further, since values smaller than 
the threshold value are abandoned, multi-path beloW the 
threshold value included in the correlation noise cannot be 
estimated. 

[0009] FIG. 2 is a graph shoWing a channel estimation 
performance When Weak multi-path eXists. The correlation 
unit 111 calculates a correlation value of a received signal 
having siZes such as 0 dB, —10 dB, —25 dB and delay such 
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as OTs, 30Ts, 60Ts as shoWn in FIG. 2B, by means of a 
correlation betWeen a PN sequence received via a channel 
shoWn in FIG. 2A and a PN sequence, Which is a reference 
signal. Then, the estimating unit 113 estimates the channel 
as shoWn in FIG. 2C by applying a threshold value to the 
correlation value of the received signal as shoWn in FIG. 2B. 

[0010] Herein, When the received channel shoWn in FIG. 
2A is compared With the estimated channel shoWn in FIG. 
2C, the —25 dB path of the received channel is not estimated. 

[0011] FIG. 3 is a graph shoWing a channel estimation 
performance When strong multi-path eXists. The correlation 
unit 111 calculates a correlation value of received signal 
having siZes such as 0 dB, —1 dB, —3 dB and delay such as 
OTs, 30Ts, 60Ts as shoWn in FIG. 3B, by means of a 
correlation betWeen a PN sequence received via a channel 
shoWn in FIG. 3A and a PN sequence Which is a reference 
signal. Then, the estimating unit 113 estimates the channel 
as shoWn in FIG. 3C by applying a threshold value to the 
correlation value of the received signal as shoWn in FIG. 3B. 

[0012] Herein, regarding the correlation value of the 
received signal shoWn in FIG. 3B, the entire correlation 
noise increases due to the strong multi-path correlation 
noise. Further, many changes occur in peak values appearing 
on the multi-path. Accordingly, the threshold value set by 
the estimating unit 113 should increase, but if so, since 
multi-path beloW the threshold value can not be estimated, 
the errors of the estimated channel become large as shoWn 
in FIG. 3C. 

[0013] As described above, channel estimation error gen 
erally occurs as a result of noise from correlation betWeen a 
signal received via a channel and a PN sequence, inter 
symbol interference, and the correlation noise, etc. In this 
case, channel estimation error caused by the noise and inter 
symbol interference may be removed by means of several 
symbol averages, but performance deterioration caused by 
the correlation noise can not be removed by means of the 
several symbol averages. 

[0014] Accordingly, there has been a problem in that 
channel estimation error occurs as a result of the correlation 
noise. 

SUMMARY OF THE INVENTION 

[0015] Accordingly, the present invention has been made 
to solve the above-mentioned problems occurring in the 
prior art, and an object of the present invention is to provide 
a channel estimation apparatus and method in a digital 
communication system Which can remove performance 
deterioration caused by a correlation noise. 

[0016] In order to accomplish this object, there is provided 
a channel estimation apparatus in a digital communication 
system comprising: a correlation unit for obtaining a corre 
lation function yn of a ?rst received signal by means of a 
correlation betWeen a received signal and a synchroniZing 
signal, Which is a reference signal, and obtaining a correla 
tion function Xn of the synchroniZing signal by means of a 
correlation betWeen the synchroniZing signal; a ?rst esti 
mating unit for estimating a ?rst multi-path ytrn by applying 
a ?rst threshold value <Q1 to the correlation function yn of the 
?rst received signal, in Which m represents a location of the 
estimated multi-path; a correlation noise removing unit for 
obtaining a correlation function yn“ of a third received signal 
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by removing a correlation noise Nn included in the correla 
tion function yn of the ?rst received signal, by means of the 
?rst multi-path ynn; and a second estimating unit for esti 
mating a second multi-path ytm“ by applying a second 
threshold value <Q2 to the correlation function yn“ of the third 
received signal in Which the correlation noise Nn has been 
removed. 

[0017] The correlation noise removing unit obtains a chan 
nel impulse response function hTrn backtracked by means of 
the ?rst multi-path ynn, obtains a correlation function yn‘ of 
a second received signal by means of the backtracked 
channel impulse response function hTm, obtains the correla 
tion noise Nn by subtracting the backtracked channel 
impulse response function hTrn from the correlation function 
of the second received signal, and outputs the correlation 
function yn“ of the third received signal by removing the 
correlation noise Nn from the correlation function yn of the 
?rst received signal. 

[0018] The backtracked channel impulse response func 
tion hTrn is de?ned by the folloWing equation, h1m=xtm_1ym, 
Wherein Km is the correlation function Xn of the synchro 
niZing signal corresponding to "cm. 

[0019] The correlation noise ND is de?ned by the folloW 
ing equation. 

Nn=y..—hm, 

[0020] The correlation function yn“ of the third received 
signal is de?ned by the folloWing equation. 

yn"=—N..=y..—(y..—hmJ 

[0021] The correlation noise removing unit removes the 
correlation noise in sequence according to a siZe of the ?rst 
multi-path ynn, or removes the correlation noise according 
to the sequence in Which the ?rst multi-path ytrn is received. 

[0022] In order to accomplish this object, there is provided 
a channel estimation method in a digital commnunication 
system comprising the steps of: (1) obtaining a correlation 
function yn of a ?rst received signal by means of a correla 
tion betWeen a received synchroniZing signal and a reference 
synchroniZing signal, and obtaining a correlation function Xn 
of the received synchroniZing signal by means of a corre 
lation betWeen the synchroniZing signals; (2) estimating a 
?rst multi-path ytrn by applying a ?rst threshold value <Q1 to 
the correlation function yn of the ?rst received signal, in 
Which ytrn represents a location of the estimated multi-path; 
(3) obtaining a correlation function yn“ of a third received 
signal by removing correlation noise Nn included in the 
correlation function yn of the ?rst received signal, by means 
of the ?rst multi-path ynn, and (4) estimating a second 
multi-path ym“ by applying a second threshold value <Q2 to 
the correlation function yn“ of the third received signal in 
Which the correlation noise Nn has been removed. 

[0023] In step 3, a channel impulse response function h1m 
backtracked by means of the ?rst multi-path ytrn is obtained, 
a correlation function yn‘ of a second received signal is 
obtained by means of the backtracked channel impulse 
response function htm, the correlation noise ND is obtained 
by subtracting the backtracked channel impulse response 
function h1m from the correlation function yn‘ of the second 
received signal, and the correlation function yn“ of the third 
received signal is obtained by removing the correlation noise 
Nn from the correlation function yn of the ?rst received 
signal. 
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[0024] Accordingly, the present invention can remove the 
correlation noise, Which is one conventional factor deterio 
rating the performance of the channel estimation apparatus 
and has not been eliminated yet, thereby reducing channel 
estimation error. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The above and other objects, features and advan 
tages of the present invention Will be more apparent from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings, in Which: 

[0026] FIG. 1 is a schematic block diagram regarding a 
typical channel estimation apparatus, 

[0027] FIGS. 2A to 2C are graphs illustrating a process in 
Which Weak multi-path is estimated by means of the channel 
estimation apparatus in FIG. 1, 

[0028] FIGS. 3A to 3C are graphs illustrating a process in 
Which strong multi-path is estimated by means of the 
channel estimation apparatus in FIG. 1, 

[0029] FIG. 4 is a schematic block diagram regarding a 
channel estimation apparatus according to the present inven 
tion, 
[0030] FIG. 5 is a graph shoWing a correlation function Xn 
of a synchroniZing signal obtained by means of the channel 
estimation apparatus according to the present invention, 

[0031] FIGS. 6A to 6H are graphs illustrating a process in 
Which Weak multi-path is estimated by means of the channel 
estimation apparatus in FIG. 4, 

[0032] FIGS. 7A to 7H are graphs illustrating a process in 
Which strong multi-path is estimated by means of the 
channel estimation apparatus in FIG. 4, and 

[0033] FIG. 8 is a How chart regarding a channel estima 
tion method according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] Hereinafter, a preferred embodiment of the present 
invention Will be described With reference to the accompa 
nying draWings. 
[0035] FIG. 4 is a schematic block diagram regarding a 
channel estimation apparatus in a digital communication 
system according to the present invention. 

[0036] The channel estimation apparatus 400 includes a 
correlation unit 411, a ?rst estimating unit 413, a correlation 
noise removing unit 415 and a second estimating unit 417. 
Hereinafter, a PN sequence is described as an eXample of a 
synchroniZing signal for estimating a channel, betWeen 
transmitter and receiver. 

[0037] The correlation unit 411 obtains a correlation func 
tion of a received signal by means of correlation betWeen a 
PN sequence received via the channel, Which is a received 
signal, and a PN sequence generated by a system, Which is 
a reference signal. Further, the correlation unit 411 obtains 
a correlation function of the received PN sequence by means 
of a correlation betWeen the PN sequences. 

[0038] The ?rst estimating unit 413 applies a ?rst thresh 
old value to the obtained correlation function of the received 
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signal and estimates a correlation value more than the ?rst 
threshold value as a ?rst multi-path. 

[0039] The correlation noise removing unit 415 removes a 
correlation noise included in the correlation function of the 
received signal, by means of the ?rst multi-path estimated by 
the ?rst estimating unit 413. 

[0040] The second estimating unit 417 applies a second 
threshold value to the correlation function of the received 
signal in Which noise has been removed, and ?nally esti 
mates a correlation value more than the second threshold 
value as a second multi-path. In this case, the ?rst threshold 
value and the second threshold value may be ?Xed and the 
second threshold value is set to a relatively smaller value 
With respect to the ?rst threshold value. 

[0041] As described above, the present invention removes 
noise included in the correlation function of the received 
signal obtained by means of the correlation betWeen the 
received signal and the PN sequence, so as to apply the 
threshold value again and estimate the multi-path, thereby 
reducing channel estimation error. 

[0042] FIG. 6 is a graph illustrating a process of estimat 
ing a channel in Which Weak multi-path eXists, according to 
the present invention. FIG. 7 is a graph illustrating a process 
of estimating a channel in Which strong multi-path eXists, 
according to the present invention. FIG. 8 is a How chart 
regarding a channel estimation method according to the 
present invention. Hereinafter, referring to FIG. 6 and FIG. 
8, the process of estimating channel in Which Weak multi 
path eXists, is described in detail. 

[0043] The correlation unit 411 obtains a correlation func 
tion yn (n is an integer) of a ?rst received signal by means 
of a correlation betWeen a received signal and a PN 
sequence, and a correlation function Xn of a PN sequence by 
means of a correlation betWeen PN sequences (S811). In this 
case, the PN sequence is a reference signal generated by a 
system, and is called a ‘correlation function of a ?rst PN 
sequence’ so as to be distinguished from a correlation 
function X1m of a second PN sequence to be mentioned later. 

[0044] Also, an impulse response function hn according to 
a received channel is shoWn in FIG. 6A, and can be de?ned 
by the folloWing equation 1. 

hm: nilyn Equation 1 

[0045] The channel impulse response function hn is called 
‘a ?rst channel impulse response function’ so as to be 
distinguished from a second channel impulse response func 
tion h1m to be mentioned later. 

[0046] The correlation function Xn of the ?rst PN sequence 
obtained by the correlation unit 411 is shoWn in FIG. 5, and 
the correlation function yn of the ?rst received signal is 
shoWn in FIG. 6B. 

[0047] The ?rst estimating unit 413 applies a predeter 
mined ?rst threshold value <Q1 to the correlation function yn 
of the ?rst received signal as shoWn in FIG. 6B, and 
estimates a correlation value more than the ?rst threshold 
value <Q1 as a ?rst multi-path in step S813. In this case 
(m is an integer) is the location of the ?rst multi-path. 

[0048] The ?rst multi-path ytrn generated by applying the 
?rst threshold value <Q1 to the correlation function yn of the 
?rst received signal is de?ned by equation 2 and is shoWn in 
FIG. 6C. 
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[0049] As described above, the correlation noise removing 
unit 415 removes a correlation noise included in the corre 
lation function yn of the ?rst received signal, by means of the 
?rst multi-path ytrn estimated by the ?rst estimating unit 413 
in step S815. 

[0050] Hereinafter, a process of ?nding the correlation 
noise included in the correlation function yn of the ?rst 
received signal, is described. First, the second channel 
impulse response function h1m is obtained by performing a 
back-tracking by means of the ?rst multi-path ytrn obtained 
through equation 1 and equation 2. 

[0051] A process of performing the back-tracking With 
respect to the second channel impulse response function 
hTm, by means of the ?rst multi-path ynn, is de?ned by 
equation 3. 

hm=xm’1ym Equation 3 

[0052] In this case, ytrn is the ?rst multi-path ytrn obtained 
by the ?rst estimating unit 413, and X1m is a value of the 
correlation function Xn of the ?rst PN sequence according to 
the location 1m of the ?rst multi-path ym. Hereinafter, Km is 
called a correlation function Xn of a second PN sequence. 

[0053] Also, equation 3 may be de?ned by a matriX of 
equation 4, and the second channel impulse response func 
tion h1m can be obtained by equation 4. 

[0054] Equation 4 is a calculation equation When the 
correlation noise included in the all correlation function yn 
of the ?rst received signal is removed. 

[0055] The folloWing equation 5 is a calculation equation 
When the correlation noise is removed in sequence according 
to the siZe of a ?rst multi-path ynn. In this case, the ?rst 
multi-path ytrn has a siZe Which decreases in sequence of 

y Equation 5 
x0 x11 0 O -’1 To 

y 
h 0 x0 0 0 T1 

rm— x12 xrzirl x0 0 yrz 
y“ 

[0056] The folloWing equation 6 is a calculation equation 
When the correlation noise is removed according to a 
sequence in Which the ?rst multi-path ytrn is received. 
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y Equation 6 
x0 0 0 0 - *1 1° 

x1l x0 0 O yrl 
h = y 
m x12 X12111 x0 0 yr2 

T3 

[0057] In this case, the channel estimation apparatus has 
an amount of calculation Which decreases in a sequence of 
equation 4, equation 5, and equation 6, and a channel 
estimation performance Which decreases in a sequence of 
equation 4, equation 5, and equation 6. 

[0058] As described above, the second channel impulse 
response function h1m can be obtained by either equation 4, 
equation 5 or equation 6. FIG. 6D is a graph of the second 
channel impulse response function hTrn obtained by equation 
4. 

[0059] A correlation function yn‘ of a second received 
signal, Which is similar to the correlation function yn of the 
?rst received signal, is obtained by applying a correlation to 
the second channel impulse response function h1m shoWn in 
FIG. 6D and the correlation function xn of the ?rst PN 
sequence. The correlation function yn‘ of the second received 
signal may be de?ned by equation 7. 

[0060] Further, the correlation function yn‘ of the second 
received signal is as shoWn in FIG. 6E. 

[0061] When the second channel impulse response func 
tion h1m shoWn in FIG. 6D is subtracted from the correlation 
function yn‘ of the second received signal shoWn in FIG. 6E, 
only the correlation noise of correlation function yn of the 
?rst received signal remains. That is, the correlation noise 
Nn may be de?ned by equation 8. 

Nnyn-—hm Equation 8 

[0062] Accordingly, the correlation noise removing unit 
415 subtracts the correlation noise Nn of equation 8 from the 
correlation function yn of the ?rst received signal, and 
outputs a correlation function yn“ of a third received signal. 
The correlation function yn“ of the third received signal from 
Which the correlation noise Nn has been removed, may be 
de?ned by equation 9 and shoWn as FIG. 6G. 

yn"=y..—N..=y..—(yn—hm) 

[0063] The second estimating unit 417 applies a predeter 
mined second threshold value ‘Q2 and estimates a second 
multi-path ynn“ more than the second threshold value <Q2 in 
step S817. In this case, 1m (m is an integer) is the location of 
the second multi-path. FIG. 6H is a graph of the second 
multi-path ym“ estimated by the second estimating unit 417. 

Equation 9 

[0064] Accordingly, the present invention can remove the 
correlation noise, Which is one conventional factor deterio 
rating the performance of a channel estimation apparatus 
and has not been eliminated yet, thereby reducing channel 
estimation error. That is, When the channel impulse response 
function hn shoWn in FIG. 6A is compared With the second 
multi-path ytm“, Which has been ?nally estimated, shoWn in 
FIG. 6H, the second multi-path ynn“ can be estimated 
Without error, With respect to the impulse response function 
hn of the received channel. 
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[0065] Since a process of estimating a channel in Which 
strong multi-path exists, shoWn in FIG. 7A to FIG. 7H, is 
the same as a process of estimating a channel in Which Weak 
multi-path exists, shoWn in FIG. 6A to FIG. 6H, a detailed 
description is here omitted. 

[0066] When the channel impulse response function hn 
shoWn in FIG. 7A is compared With the second multi-path 
ym“, Which has been ?nally estimated, shoWn in FIG. 7H, 
the second multi-path ynn“ can be estimated Without error, 
With respect to the channel impulse response function hn. 

[0067] According to the present invention, the channel 
estimation apparatus can remove the correlation noise Which 
causes an error in channel estimation, so that the channel 
estimation apparatus can estimate Weak multi-path smaller 
than the correlation noise, When Weak multi-path exists. 
Further, When strong multi-path exists, the channel estima 
tion apparatus can estimate the channel more accurately. 
Accordingly, the present invention can improve synchroni 
zation and equalization performance using channel estima 
tion in a digital communication system. 

[0068] Although a preferred embodiment of the present 
invention has been described for illustrative purposes, those 
skilled in the art Will appreciate that various modi?cations, 
additions and substitutions are possible, Without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 

What is claimed is: 
1. A channel estimation apparatus in a digital communi 

cation system comprising: 

a correlation unit for obtaining a correlation function of a 
?rst received signal by means of a correlation betWeen 
a received synchronizing signal and a reference syn 
chronizing signal, and obtaining a correlation function 
of the received synchronizing signal by means of a 
correlation betWeen the synchronizing signals; 

a ?rst estimating unit for estimating a ?rst multi-path by 
applying a ?rst threshold value to the correlation func 
tion of the ?rst received signal; 

a correlation noise removing unit for obtaining a corre 
lation function of a third received signal by removing 
correlation noise included in the correlation function of 
the ?rst received signal, by means of the ?rst multi 
path; and 

a second estimating unit for estimating a second multi 
path by applying a second threshold value to the 
correlation function of the third received signal in 
Which the correlation noise has been removed. 

2. The channel estimation apparatus in a digital commu 
nication system as claimed in claim 1, Wherein the correla 
tion noise removing unit obtains a charnel impulse response 
function hTrn backtracked by means of the ?rst multi-path 
yrm in Which Tm represents a location of the estimated multi 
path, obtains a correlation function yn‘ of a second received 
signal by means of the backtracked channel impulse 
response function ha obtains the correlation noise Nn by 
subtracting the backtracked channel impulse response func 
tion hTrn from the correlation function yn‘ of the second 
received signal, and obtains the correlation function yn“ of 




